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The separation of the diffusible from the non-diffusible substances 
by dialysis through a collodion membrane is a slow process when the 
solution remains stagnant even though fresh water be circulated on the 
other side of the membrane.  This has led to the adoption of electro- 
dialysis, which has proved successful in some cases, but which has the 
disadvantage of complexity and of electrolysis. 
In  order to  hasten  diffusion, Northrop  and  Kunitz  1 adopted  the 
method of placing toy glass  "marbles" in their collodion bags.  The 
bags were immersed in  water in  glass  tubes  which were rocked me- 
chanically, causing the marbles to roll from end to end of the  bags. 
This method of stirring hasbeen slightlymodified for the purification of 
proteins.  The apparatus is shown in Fig. 1.  Collodion bags are made 
as described by Northrop and Kunitz. 1  These are placed in the tubes 
and distilled water of any desired temperature is allowed to circulate 
past them while they are rocked by means of an automobile windshield 
scraper. 
The effect of stirring was determined by filling two membranes with 
0.5 ~r NaC1 and measuring the rate of diffusion with a flow of distilled 
water of 8 cc. per tube per minute.  One membrane was rocked, the 
other was stationary.  The results are given in Table I. 
A thick suspension of egg album~u  crystals in  concentrated ammo- 
nium sulfate was dialyzed in a similar apparatus placed in a cold bath 
(5°C.) with a flow of 10 cc. distilled water per tube per minute.  The 
results are given in Table II. 
The completeness  of the dialysis is shown by the specific conductivity 
of 8.2  X  10  -5 reciprocal ohms after 48 hours.  (The protein concen- 
a Northrop, J. H., and Kunitz, 3/i., Y. Gen. Physiol., 1925-26, ix, 351. 
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tration was 14 per cent by the dry weight method.)  A second batch 
gave 2.4 X  10 -5 after 96 hours dialysis with shaking (17.1 per cent pro- 
tein).  This compares favorably with the value of 2.1  X  10 -5 obtained 
by Pauli  s (on 4 per cent albumin) after long dialysis followed by elec- 
trodialysis.  The  value obtained  by  Svedberg  and  Nichols  3 on  egg 
albumin which was dialyzed in flowing distilled water for 18 days and 
subsequently electrodialyzed for about 2 days, was 3.42  X  10 -5 for a 
6.6 per cent solution. 
TABLE  I. 
Effect of Stirring on Diffusion of 0.5 M NaC1. 
Time of dialysis 
/its. 
0 
2 
4 
6 
Specific conductivity X 1,800 
Stirred 
I00 
5 
0.3 
0.1 
Not stirred 
100 
27 
9 
1.4 
TABLE  II. 
Dialysis of Egg Albumin  in Concentrated Ammonium  Sulfate,  While Stirring. 
Time of dialysis  Specific conductivity X 10-5 
]~f$. 
4 
7 
24 
31 
48 
820 
210 
18 
16 
8 
Deaminized gelatin  containing a  large  amount of electrolyte was 
dialyzed to 6.4 ×  10 -s reciprocal ohms (6.7 per cent protein) in 24 hours 
in this apparatus. 
Description of Apparatus. 
The apparatus is shown in Fig. 1 and does not require detailed de- 
scription.  Distilled water is supplied by a bath which may be kept 
s Pauli,  W., Biochem. Z.,  1925,  clxiv, 400. 
8 Svedberg, T., and Nichols, J. B., J. Am. Ckem. Soc., 1926, xlviii, 3081. M.  KUNITZ  AND  H.  S.  SFMMS  643 
at  higher  or lower or at constant temperature  as desired.  The water 
siphons  down  the  inlet  tube  into  the  three  glass  tubes  each  con- 
taining  four  stoppered  collodion  sacs  filled  with  the  solution  and 
containing a glass marble.  Each sac holds 30  to  35  cc.  of solution. 
The water then flows out the outlet tube.  The flow of water is regu- 
lated with a screw damp. 
In the case of solutions not affected by air,  a  large  bubble of air 
may be left in the bags in place of the marbles. 
The  glass tubes are  attached  with  copper  wire  to  a  board which 
hinges on two screws and is rocked by means of a windshield scraper. 
,.,  .,; ,:."  .... ~  --~nl~t  0 
FIG. 1. 
The rate of rocking is adjusted to a  speed such that the marbles pass 
from one end of the sacs to the other (i.e.,  1 cycle in about 6 seconds). 
The  rate  of flow of water is  about  8  cc.  per  tube  per  minute. 
If the concentration of dialysate is high 2 to 3 times  as much water 
should  be used for the first  2  to  3  hours.  For  running  overnight 
a  large  amount  of water is required.  If a wash-boiler or other tank 
is not enough, two or more 5  gallon  bottles  (on  the  same level)  may 
be connected to it with large siphon tubes. 
The windshield scraper is better  adapted to most laboratory uses 
if the axis of the arm is turned 90  ° from its original position.  This 
may be done by removing  the  shaft  and  filing or drilling it to make 
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SITMMARy. 
Substances to be purified by dialysis are placed in collodion bags to- 
gether with a toy "marble" or a bubble of air.  The bags are stoppered 
and placed in glass tubes of a  rocking machine.  Distilled water of 
the desired temperature is circulated through the tubes  (around the 
bags) at a rate of about 8  cc. per minute per bag while the machine 
is in motion.  The rolling of the marbles or bubbles  causes  stirring 
which makes it possible to remove the salts from a  protein solution 
in 24 to 48 hours. 